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ABSTRACT 

The effectiveness of training aids in the teaching of 
elementary electronics trouble shooting was tested. Students entering 
the Basic Electronics course at the U.S. Naval Training Center, Great 
lakeS/ Illinois, were assigned to one of three groups being taught by 
either rhe standard Navy training method using actual operational 
equipment, training with actual equipment plus the Trainer-Tester, or 
training with actual equipment plus the Punchboard Tutor. The 
Trainer-Testpr device presented the student with a list of the 
symptoms exhibited by a malfunctioning piece of equipment and 
required him to conduct a number of hypothetical tests and measures 
until he could determine the cause of the malfunction. The Punchboard 
Tutor device provided students with immediate correction of multiple 
choice questions. The performance of the three groups on 
examinations, laboratory grades, and overall performance was 
compared. Follow-up data on those trainees who went from the Basic 
Electronics course into Advanced Radar and Communication Schools was 
obtained. Students who used the training devices received higher 
overall grades than students who used equipment only. In Advanced 
Radar Training the Trainer-Tester users received better grades in 
Radar Laboratory. (KB) 
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FOREWORD 



Purpose 

At the request of the Bureau of Naval Personnel, this research was 
undertaken to evaluate the effectiveness of specified paper-and-pencil 
training aids in teaching elementary electronics trouble-shooting. 

To meet this objective, an experimental program was carried on in 
conjunction with the regular ten-week Basic Electronics course given 
at the U. S. Naval Training Center, Great Lakes, Illinois. Students 
entering the Basic Electronics course were assigned to groups being 
taught electronics trouble-shooting by one of the following three 
methods : 

1. Standard Navy method, i.e., training with actual opera- 
tional equipment. 

2. Training with actual equipment plus Trainer Tester. 

3. Training with actual equipment plus Punchboard Tutor. 

The performance of the trainees in each of the three groups was 
compared in terms of the following scores which were obtained for each 
of the five two-week periods of the Basic Electronics course: course 
examinations, laboratory grades, weighted average of examination and 
laboratory grades, and scores on special trouble-shooting examinations* 
In addition, over-all grades for the ten-week period were analyzed* 

In order to evaluate more fully any differential effects of the 
three methods, follow-up data were obtained for those trainees who went 
from Basic Electronics into Advanced Radar and Communications Schools* 



Results 

The major findings of the study may be summarized as followf^: 

1* In Basic Electronics, students who used the Trainer-Tester 
and the Punchboard Tutor were superior to the students who used equip- 
ment only. 

2. In Advanced Radar Training, students who had used the Trainer- 
Tester during basic training were superior to the other groups in Radar 
Laboratory grades. 
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Implications 



The results of this research indicate that the Trainer-Tester and 
Punchboard-Tutor can be used successfully as partial replacements for 
actual equipment in elementary trouble-shooting training. Their value 
as training aids appears to lie in their relatively low cost and their 
ability to teach the intellectual aspects of trouble-shooting* Their 
high motivational value for students is also an invaluable asset to 
training. 

The findings of this research indicate the advisability of investi- 
gating the effectiveness of these aids in more detail in teaching on-the- 
job trouble-shooting proficiency as well as trouble-shooting on more 
cfyvaplex equipment* 
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AN EVALUATION OK TUL; TR.UN HK-TIO.STl'JH AND PUNCIIilOAun Tt'TOK 
AS ELECTRONICS TROlJMLE-SHOOTINC TRAINING AIDS 



IN TRODIJC riON 



In the tcclinica-L trainin- proi^roi.is of the Armed Forces, t!ic problem 
of fidelity of simulation arises recurrently and in a variety of differ- 
ent contexts. Broadly defined, this is the problem of the de-rec to 
which actual operational situations and equipment must be simulated duriiii; 
tralniii.^ in order to produce adequately skilled technicians. On the 
assumption that trainin,; in real situations with actual equipment provides 
the optiJiial conditions for learning, the problem can also be stated as 
tliat of the degree to which departures from realistic conditions can be 
tolerated \dthout significant proficiency losses. 

In the teachin- of certain kinds of skills arid techniques, the use 
of operational equipment is both practical and economical. For example, 
in schools of photography it is usually feasible to provide every student 
with a camera and the auxiliary equipment required for the mastery of 
photographic procedures. The number of students is relatively small, the 
cameras are available iji adequate numbers, and their cost is relatively low. 
Moreover, cameras are reasonably rugged instrimients that are not too readily 
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il.unii'^Hl l\v t lio fuinlil. in ' ti.m^ls of i ho iiovico oporMtor. I'luior c i rciun.sl .inorM 
ot' t.lii.s tluM'ototi*, is lir.tlk* !*tM:;on to siibstimio syntluMir 

trMi-tiiir/ ilcv.ico.s lor tho timI thiti,*;. 

rho too.lino l.o'iical vn^mpj e\i t i t^s of nuMiem wavWiVs^, Iiowcwm*, iiivolvo 
in.Uiy ski lis wlioso .loqui s i t:;ioii roqiri r^^s t lu^ use of oqnipmorit cost ing nuuiv 
tfionsiinvis of vlollars por unit. If tin? dovico, a fi',iitor aircraft, for 
instruico, IS inept Ly iKUuiled by the student, it may bo severely deviuu^.ed 
or totally destroyed. Moreover, the substaiit j clI. ^unounts of money invested 
in dcveiopinir, the operator's proficiency may be Lost throui^h his death or 
serious injury. It is iiLso clear that durini: a^^y national cmer,f:ency devices 
such as complex radar systems simply cannot be built with sufficient rapid- 
ity to meet tfte needs of all potential users, aJid the needs of the combat 
forces must usually tal<e precedence over tliosc of teclinical trainini; 
a^gencies. Hi-^h operating costs and tlie necessity for conserviiig strate^^^c 
materials place additional restrictions upon the use of operational equip- 
ment for training purposes. 

It is with reference to costly and complex equipment, therefore, that 
the use of synthetic training devices has its greatest appeal and caji be 
defended most convincingly. But as the need for substitute training methods 
increases, the problem of their fidelity of siJiudation also becomes increas- 
ingly acute. In some instances, reasonable guesses as to the probable 
efficiency of a training device can be derived from previous experience 
with similar equipment aJid training methods. In the vast majority of cases, 
however, precise estimates of the value of synthetic training aids can only 
be achieved by carefully controlled research. 
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^" ^'>** li"ht of jIm' .iIhuh' tNMisivliMMt ions, it »u»iMiis l iKolv that tin' 
ti^*KI 01 ol i\'t ion i ^Vi t rotil I o sliooT in tiMinin is ono in wliioJi syntluMi*.' 
trMinin ai^ls mi 'lit 'u* of t on s i ^lo isil> I o OpoiMtional olootr\>nir 

o^tiipmonT fuis horoiuo so olalvrsito aiul oxfuMKsivo that its nso tot* rvnl itu* 
tr'ainin - is a.lnio.sf prohilntivo. It is inif^ort ant, tfiot'o Toro , that. whoJiovor 
potontially valn.iMo olootronic tt'ainiii' a.i^ls aro av.iilahK^, t h^n t* ntility 
a.s siibstitntos for' I ho .lotnal. ofHMMtioii.il oqnipiiionl ho o.uh' fn l.l y anvl 
syst oir.at i oal ly owihiat Ovl. rho t\?soar\*h JosotM.lH\i in this report o.onst: i t nt os 
ono .ittoiiipt to vMr-ry onr snch ov.iltMt ion. 

rho prinoipctL ol\iootivo o( this fu\\ioot- was t.o Jotonnino tlio r\^l.ativo 
of footi voiioss or throo ditfotH^nt iiiorhowl.s of toacfiiu}' electronics tronf^lo- 
.shootin;^ skills. Ont; motiiod, wfiioh was ossont iaiJy that in curront uso hy 
tfio N.ivy, involvod t:roul\l c-shootin^; trainin" with actno-i oqnipnicnt. Vho 
other tu-o niethoJs diflcrod from this *standarJ» metfiod in that: part of tfio 
laboratory work vitfi cqinpmo?it was replacod hy practice witli paper-iuui- 
f>enciT. tronbl e~shootiiv: traitiin': aids. These triunin'^ aids, which are 
described in detail below, were tlie Trainer-Tester and the Punchboard Tntor. 

If such papei'-tUid-penci.l training; aids can be shorn to be as effective 
as work with actual equipment for teachiii^: elementary trouble-shootirv; skills, 
and if the cost of such aids is substantially less, tfien it would be desirable 
to expand their use in Basic hJlectronics training. The intelli^ient applica- 
tion of such trouble-shooting training devices could lead to a more effective 
i,l:ilization of trainees' tinie, to a reduction in the number of skilled indivi- 
duals needed to maintain training equipment, and, perhaps to a substantial 
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nvlni't ion ill thi» oviMMl I v^o.sts of I'l or i tHMii r:i tiMirjiiir., Moi^'ovor, i( is 
oven Posnihlo tlhit tho pon.f>lov iin o M oot Mai prooosNOs oIuumo t oim - in - 
o\' tf»o t i\Mil>l o-Mhoot '.n-. task ronll ho tawht with ovon Moator of f ool i vomoms 
hy t ho |Mpoi-,mi|-.pono i I lraini?i.'. aiils rh.m hy t ho moro tiMvlit ional inothod.s. 



Kxpoi inunit ai Dosi 






A vlosi-ri pr ion ol t l)o thrcro oxporinutit al f'.ronps 


appears in labl o I, 


whiofi nIiows for o, 


aoh MViip its alphabet ic;tl. code, th 


0 type of trainin**. 


roceivoJ, ,uui the 


nunbor ot traitun\s in ha.sic lOI ootrotrics. The rolativo 


ot'ficionoy of the 


inotfiods was evaluated hy comparing:. 


the course ,^^rades 


attidnod by tho f^ronps duriny. Dasic Ivlcctron j cs, Ua^iar, ^ini Conmuini cations 


t rcxin in^:. 


m\u: 1 

Experimental Dcsi.'^ji 




Group 


Type of 

Trouble-shootin.£^ Train inA^ 


Basic Electronics 
Trainees per Group 


E 


Work with Equipment 


230 


T-T 


Work \vith Equipment plus 
Trainer- Tester Problems 


230 


P-T 


Work with Equipment plus 
Punchboard Tutor Problems 


230 



It may be seen from Table 1 that there were no groups for whom work 
with equipment was entirely replaced by paper-and-pencil training. There 
seems to be considerable doubt whether any paper--and-pencil training aid 
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■onlil VI' .r. .1 ,}jVM^l»'l^; Milviiitnr^* for oijiiipimMU trainiii-, liuliUNi, 
iHo roiiMMiMis 0! iM'),ui>M anion" |MM-:.OMtiol at tho train iii'' oontor w,ri ll».it 
N^MMon.M prol^loiii'i MM <lit in^ '\onrr\i(o.l it soiro trainors oonifOotOil tho oonivso 
witlioiit anv .lOlnal |uMot ioo in tlio I ai^iMt oi'v. Kor tlioso riurions, t lio 
osporinont w.in .livsi iu\I to yiol.l an ovaliiation ol tluvjo vhn'ioos as .uijiincts 
to lahoi'atory work, or at i:io:M , a:; partial, sulist i t nt os tor somo plia.so.s ol" 
lalK>ratory work. rni.s .looision Kas .siipporto^l l>y t'ifulin«vs Croii: a similaJ' 
oxpoiMinont porfonnea at Kooslor Air Koroo iiaso (T), whioli is Josorilnni in 
a I .it oi^ soot ion. 

Trgi n i jp^ Aitls 

The Tr. liner-Tost or is a dovolopmont: of tlu^ tMri.i of V;ui V.tl konl)nr- h, 
Noo'H'r, .uui NcviJlo, In^:. It is a dovico that prH\sorit's the .sttidcnt witli 
a written l ist of tho syi;iptonis ^rxliilMted by a nuU I'nrictionin': piece of 
oqiiipmont iuui roqiiiros liim to throuj^h a niiniber of hypothetical tests 
and measurements utitil he can determine whicfi component is defective or 
what adjustment is required, llsinu, only the iYainer-Toster slieets and a 
pencil, the student can tliink through the problem, try out iiltemative 
hypotheses, obtain infomation concerning the consequences of provisional 
attempts to correct the malfunction, and eventually discover the correct 
solution. In usin.s: this trainin.i? aid, no practice is obtained in the nia/iual 
tasks of solderin^^ and unsoldering components or in the setting up, calibra- 
tion, and use of test and measurement equipment. Practice is restricted to 
the intellectual, reasoning, problem- so lvin,^i aspects of the trouble-shooting 
task. 
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Each student is provided ivdth a schematic wirins diagram (Figure 1) 
and a corresponding pictorial wiring diagram (Figure 2) for the circuit 
being studied. A separate ^/ork sheet is required for each trouble-shooting 
problem (Figure 3). As may be seen in Figure 3, the work sheet is com- 
posed of three m.ajor sections: (1) a section labeled Trouble , describing 
the malfunction to be remedied, along with rules and instructions for use 
of the Trainer- Tester; (2) a section labeled Symptoms , from which the 
student can obtain all the information he needs about resistances, volt- 
ages i and signal conditions; and (3) a section headed Remedy , which provides 
information concerning the consequences of (hypothetical) component 
replacements. The information contained in the Symptoms and Remedy 
sections, however, is normally obscured from the student *s sight by a 
silver-colored overlay material. In Figure 3, these silver overlays 
are seen as solid black vertical bars. If the student, in attempting to 
solve the problem, ^>d.shes to ^test* the resistance of a suspected faulty 
component, to Measure* a given voltage, or to ^replace^ a component, he 
erases the silver overlay with a pencil eraser at the appropriate spot. 
When he does so, the printed information is revealed beneath the overlay, 
and he can use the knowledge thus gained to further his problem-solving 
attempts. When the defective part is finally identified and ^replaced,* 
the letters TC, standing for ^trouble corrected,' appear in the Remedy 
section where the erasure has been made, and the solution is complete. 
The student is required to number his erasures successively in the spaces 
at the right of each overlay. This makes it possible for the instructor 
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to follow the serial steps in a student's chain of reasoning, and to deter- 
mine where wrong hypotheses were tested and unnecessary »replacemcnts » made. 
At the time the present study was conducted, 36 different Trainer-Tester 
problems were available which were suitable for use in the ten weeks of 
Basic Electronics training, ^^velve of these problems covered malfunctions 
likely to be encountered in a push-pull amplifier, twelve de^t with 
common malfunctions of a three-stage transmitter, and twelve with super- 
heterodyne receiver troubles. 

The Punchboard Tutor (SDC Device 20-E-2e) was designed for use either 
as a testing device or as a self-instructing device (see Figjure 4). It 
is constructed of layers of plastic- impregnated paper (approximately 3 I/2 
in. wide, 7 I/2 in. long, and 5/8 in. thick) into \A±ch 160 holes have been 
punched. The holes are arranged so that the device may be use;; ■ answer- 
ing multiple-choice questions. Each row of four holes is numbered and 
corresponds to one multiple-choice question with four possible answers. 
Space is provided for inserting a paper answer sheet and a pre-punched card- 
board key under the top panel. The questions are presented separately on 
mimeographed sheets, and the student answers each question by pushing his 
pencil into the hole corresponding to the alternative he thinks is correct. 
If it is correct, his poicil goes through the answer sheet and a pre-pimched 
hole in the key, leaving a clear hole in the sheet. If he is wrong, his 
pencil passes only a short distance through the answer sheet, making a much 
smaller hole. After each error, the student tries other answers until the 
correct one is obtained. In this way, the Punchboard Tutor provides the 

Hi 
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student vath immediate knowledge of the correct answers to the questions. 
A total of eight keys is available, each one providing for a sequence of 
40 questions. Frequency of errors can be determined by counting only the 
small holes in the answer sheet. However, the Punchboard Tutor, unlike 
the Trainer-Tester, provides no method for determining the order in which 
the errors were made. 

In order to insure that students using the Punchboard Tutor would be 
trained on the sajne material as those in the group using the Trainer- Tester, 
all of the 36 Train ei^ Tester problems were adapted for use with the 
Punchboard Tutor. An ^ideal^ solution to each Trainer-Tester problem 
was prepared by a group of instructors at Great Lakes, and these sequences 
were then cast into multiple-choice form. A list of the trouble symptoms 
and the appropriate wiring diagrams were provided for each problem. The 
multiple-choice questions were generally sequential in nature, and by answer- 
ing them correctly in order, the student was led eventually to the solution 
of the malfunction. The questions dealt with such matters as the kind of 
initial measurements to be made, the voltage or resistance readings normally 
obtained under certain specified conditions, the overt symptoms that wotild 
result from part replacement, etc. In so far as possible, the questions were 
constructed so the student could not cheat and obtain the correct solution 
by reading the later questions in the sequence, A sample push-pxill amplifier 
problan is presented in Appendix A. 
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Related Research 

A i^reat deal of research is currently beings conducted concerning all 
aspects of electronics tro-ible-shootin^:; (1, 13). Some of these studies 
are directly relevant to the pi osent investi^yiation. 

An evaluation of the superheterodjTie Traiaier-Testers was conducted 
by Dowell at Keesler Air Force Base (7). Iilach of four i;roups received 12 
hours of trouble-shooting practice under one of the follovn-ni: conditions: 
1) equipment training': plus Train er- Testers ; 2) equipment training only; 
3) Trainer-Testers only; 4) general trouble-shooting instructions only. 
After receiving the designated t^/pe of training, the students were given 
a performance criterion test consisting of three trouble-shooting problems 
on the actual superheterodyne receiver. A group of examiners graded the 
students » performance on a 30-point scale. The group trained on both 
equipment and Trainer-Testers had the best performance scores. This group 
performed significantly better than the group having Trainer-Testers only 
and better than the group having only goieral instructions* The group 
given equipment training only was significantly superior to the general 
instruction group. There was no significant difference between the group 
having Trainer-Testers only and the general instruction group. 

Evaluations of the Trainer-Tester have also been conducted at Scott 
and Lowry Air Force Bases, but final reports of these evaluations are not 
available at this time. An interim report from Scott Air Force Base (14) 
indicates that students and instructors find the Trainer- Testers interest^ 
ing and consider thesm valuable in learning to trouble-shoot. They found 
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that performance on Trainer-Tester problems in terms of both errors 
made and time required for solution improved over a 19-week course in 
Radio Maintenance* However, there were no significant correlations 
between number of erasures and course performance test grades. 

Other simulators, similar in principle to the Trainer-Tester, have 
been developed for presenting electronic trouble-shooting problems. 
Grings Was described the Multiple-Alternative Symbolic Trouble-Shooting 
Test (MASTS Test) (9), in vdiich the student gains information needed for 
solving the problon by removing corks from holes in a large panel. Each 
cork conceals information relevant to a particular test point. Signifi- 
cant correlations were obtained between performance on the MASTS Test and 
a performance test called the Job Sample Test (10). Bryan has described 
the AUTOMASTS Test, which is an automatically- recording version of the 
MASTS Test (2). Scores on the AUTOMASTS Test were found to correlate 
positively (r = +.60) with papei^and-pencil test scores. Composite scores 
based on performance on the AUTOMASTS Test and on the paper-and-pa-icil tests 
correlated significantly with other measures of teclinical proficiency such 
as amount of electronics experience, pay grade, entrance examination and 
final grades in Class B Electronics School, and final grades in Class A 
Electronics School (3). 

A device very similar to the Trainer-Tester, called the Tab Test, 
has been described by Cornell, Damrin, Saupe, and Crowder (5). In this 
test, the subject gains information needed for solving the problem by re- 
moving paper tabs vhich cover the data, rather than by erasing a silver 
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overlay material as in the Trainer-Tester. The Tab Test has been shown 
to correlate si,Lj!;iiirj caiitl}'' ^;dth rnultj pie-choice trouble-shootiii^i; tests 
imd with school ;.;rades* Correlations \nth trouble-shooting perforrricUice 
^ests and with on-the-job perf ormaJice ratin.^^s have been quite low (8). 

The AUTOMA.Srs Test and the Tab Test were developed primarily to be 
used as testing devices, that is, as criteria of job proficiency in 
electronics trouble-shooting. Therefore, investigators have concentrated 
on developin.t; methods of scoring performance ajid on gathering reliability 
and validity data. Although the possibility of using the devices for 
training is suggested by these investigators, no information is available 
concerning their value as training devices. 
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Procedure 

The experiment was carried on in conjunction with the regular ten- 
week Basic Electronics course following the six-week Basic Electricity 
course at USNTC, Great Lal^es, Illinois- The standardized course schedule 
was revised to include specified blocks of time devoted to trouble-shooting 
training during the third-,seventh, and tenth weeks of Basic Electronics • 
All groups spent twelve 45-minute class periods solving trouble-shooting 
training problons on each of three pieces of equipment: the push-pull 
amplifier, the three-stage transmitter, and the superheterodyne receiver- 
During these periods. Group E solved trouble-shooting problems with 
equipment. Group T-T solved the appropriate Trainer-.Tester problems, and 
Group P-T solved the Punchboard Tutor problans. In all groups, the 
students » work was followed by discussions of the problans by the instruc- 
tors- In addition to these 36 periods, all groups spent approximately 
34 periods trouble-shootiiig other pieces of actual equipment and learning 
to use test and measurement instruments- Every student also sp«it about 
4.5 days building and trouble-shooting a superheterod>Tie receiver- In so 
far as possible, identical lecture and demonstration materials were provided 
for all groups 

Orientation meetings were held for all course instructors- The re- 
search program was explained in detail to them and their cooperation was 
elicited in maintaining the constancy of the experimental conditions. It 
was emphasized that the Trainer-Tester and Punchboard Tutor were to be 
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used as training:, not testin^^ devices. Detailed instructions were riven 
on the procedures to be rsed for each of tl:e three trainim; methods. 
Althou^zh it WHS ii^possible to keep the students naive with respect to the 
experijncnt, the instructors were ur^ied to minimize competition ;inion^:; the 
three experimental ;roups. A copy of the minieo.L^raphed notes handed out 
to each instructor is included in Appendix B. 

Upon completio.i of Basic b^lectricity, the trainees were randonily 
assi;:ncd to class sections, and a training metiiod was assigned to each 
sectloirt. A total of nine inconiiu!; classes was used, and each method was 
represented at least orce in each class. An attem.pt was made to see that 
^ill instructors taught each of the three methods. Altnough the rotationaJL 
systeni in the school made tliis impossible, 33 of the 45 instructors taught 
all three methods, 5 tau:;i;ht two methods, and 7 taught one method. fJoth 
instructors and students filled out questionnaires designed to determine 
theii' reactions to the training methods. Sample copies of these question- 
naires are included in Appendix C. The different forms of the trainee 
questionnaire for the tliree groups are identified by the letters £, T-T, 
or P-T in the upper ri:;ht comer. 

^\11 students were given trouble-shooting practice during the same 
periods. The schedule of periods assigned to trouble-shooting the ampli- 
fier, transmitter, aJid receiver is shorn in Appendix D. The course 
instructors developed sets of trouble-shooting problems for the members 
of Group E to solve when ^\rorlcing with the actua?. equipment. \^ere possible, 
these problems paralleled the Trainei>-Tester and Punchboard Tutor problems. 
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Since each problem took loiv:er usiri.i; this method, the averai^e student 
in Group E w3ls only able to complete about eii-;;ht problems during the 
twelve class periods devoted to each of the tliree pieces of equipment, 
aroups T-T aiid P-T spent the first trouble-shooting period on the Push- 
Pull Amplifier leamin.i; how to use the training device and solving the 
first problem as a group, ^a.th the help of the instructor. The mimeo- 
graphed instructions banded out to each stu.dent may be found in Appendix E. 

It was believed that any differential effects of the experimental 
training methods could be evaluated further by following the progress of 
the trainees during more advanced training, where trouble-shooting abi].it3^ 
pla3''s a more important role. Therefore, follow-up data were obtained for 
those trainees who went from Basic Electronics into Radar or Communications 
schools. No further differential treatment was given to the groups during 
this advanced training. 

Subjects 

All experimental subjects were trainees in the ET "A" School at USNTC, 
Great Lakes^ Illinois, who had just completed six weeks of training in 
Basic Electricity. The majority of them were studying to be Electronics 
Technicians (ET*s), but the groups also included Fire-Control Technicians 
(FT^s), Marines, and a few Waves. Although the school was training Senior 
Convertees at this time, they were not included, since the staff at Great 
Lakes felt that the Senior Convertees were more mature and more higlily 
motivated than the other trainees. The class lists from Basic Electricity 
were used to assign eligible students randomly to the experimental sections. 
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At the end of the tei^ weeks of Basic Electronics training, the 
ETVs were assi^rned to advai^ced training in Radar, Commntiications, or 
Sonar, rou^:Ilaly in a 50-3iV-20 proportion, respectively. Those enterin;> 
Kadar and Conununi cat ions were assigned so that there was an iipproxjjriatcly 
equal representation from the three trainin^^ metliods. The groups entering 
Sonar trainius: were not large enough to be included in t!ie analyses of 
advanced training perfonnance* 

Criterion Measures 

The ideal criterion measures in a study of this type would probably be 
objective scores from standardized trouble-shooting tests using defective 
eqnipmeit. The process of collecting such scores, however, is very tijne- 
consinnn*/, and it was not possible to obtain tliem at (]reat Lakes witliout 
serioi'sly disruptinv; the nomal trainin^^ progranu It was necessary, there- 
fore, to rely primarily upon perf onnaiice in written examinations in evalu- 
ating the relative efficacy of the three trainin/^ methods* 

The criterion data during Basic Electronics training consisted of 
five sets of scores obtained for each student. The school evaluated the 
students at the end of each of the five two-week periods of Basic Elec- 
tronics. A set of four scores was obtained for every student during each 
of these five periods. One score was the grade on the regular course 
examination, which consisted of :yO multiple-choice items including 
five items dealing ^^th trouble-shooting. A second score was a laboratory 
grade the instructor assigned on the basis of perfonncince in laboratory 
experiments and laboratory quizzes. The third score was an average which 
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'lave a 6'0-40 vei'^htinr to the examination and laborator}^ grades, respec- 
tively. The fourth score was a grade derived from special trouble- 
shooting examinations iriven at the end of each two-week period. Each 
exajiiination consisted of 15 multiple-choice trouble-shooting items from 
the school's pool of items. The student's trouble-shooting score was 
the total number correct on this -.pecial exajnination plus the number correct 
on the five trouble-shooting items in the regular course examination. Over- 
all examination, laboratory, a^^erage (exam-lab), and trouble-shooting scores 
were also computed for the entire ten-week period. 

Scores were derived in a similar manner for advanced train Lng in Radar 
and Communications. Examination, laboratory, average, and trouble-sliooting 
grades were obtained for each two-week period in the ten weeks of Kadar 
and the eight weeks of Communications. Since no special exaPiinations were 
devised for advanced training, the trouble-shooting score for each two-week 
period was based on the trouble-shooting items in the course examination. 
Overall scores were computed for each measure as in Basic Electronics. 



: ■ ;■ ;-.__p,VM,-,-- ^'.-^r :;t\:it. i i c^ii. L^' y i '^:m f' i.c:*:- 1 at the 5: icvoi or octt:cr. 

'^ r^^' be fcioid 3.n TcJ^io ? in Appendix i" r 

It nia.v be seen in Tabic 2 th.al' tiio absolute d.i ff^eronces the 
lTCups were small. For aJ-l overall measures, ttie lU'Diips iisini: Trai-uer- 
Testers and Punchboard Tutors fiad iii^L^her niOcUis thaJi the uroiip trained w-itli 
eauipment only. These differences were all statisticcilly siimificant ^^th 
the exception that Group T-T was not reliably superior to Groiip it:: in over- 
cill troMble-sfiootin^z -.rades* There were no si^rjiif jcaiit differences between 
Group T~T and Group P~T in overall :.\rades. 



2 7 

o 

ERIC 



Group Means for- 


PcrfonTia:icc 


in Basic 


Electricity anci 


Basic Electronics 




N 


= 230 per 


(.Jroiip 












o t at 1 s 1 1 c a.!- xy 


Measure 


E 


T^T 


P-T 


Significant Differences 


Basic Electricity 


86.69 


88,09 


89.34 


P-T>T-T 


Overall 










Ev;iminn1"i on 




7 ^ dA 


7=; fi« 


X — 1 5 *^— 1 ili 


Laboratory 


80.20 


81.42 


81.26 


T-T>E; P-T>E 


Average (Exani-Lab) 


76.72 


77.68 


77.90 


T-T:>E; P-.Tp>E 


Trou hi e- s ho o t in ^ 


63.10 


64.12 


64.92 


P-T::=>E 


2nd Week-':- 










v^rnT n ra "f" T csr- 
■tA.vuJliJLI I d Ux VJl >. 


77 1 n 




^ o # uo 


N on e 


Laboratory 


79.27 


80.97 


79.58 


T-T^*E; T-T>P-T 


Average (Exam-Lab) 


77.55 


77.99 


77.05 


None 


Tr oubl e- s b 0 0 1 in i; 


66.20 


68.40 


67.20 


None 


4th Week-*-:- 










XZt A^cUIt JJ I a U X U 1 1 


7 9 77 




7 A Al 

/ 4. 4X 


•"P T* - IT* • D TP — w XT' 


Laboratory 


80.99 


82.12 


80.80 


T-T>E; T-T:=*P-T 


Average (Exam- Lab ) 


75.62 


77.16 


76.59 


T-T^E 


Trouble-shoot in i: 


67.70 


67.45 


70.00 


None 


6th Week'H:- 














7 ^ n 


7 OA 


J — X -^i^ J r— X^b 


Laboratory 


79.36 


81.75 


81.96 


T-T^E; P-T:>E 


Avera^^e (Exam- Lab) 


75.42 


77.40 


77.59 


T-T>E; P-T::>E 


Trouble-shooting 


52.95 


57.30 


55. 20 


T-Tr:-E; P-.T:=>E 


8th Week':^:- 










Examin at ion 


72.89 


74.14 


74.97 


P-T>E 


Laboratory 


80.47 


81.54 


80.16 


None 


Average (Exam- Lab ) 


75.64 


76.62 


76.62 


None 


Trouble-shooting 


58.10 


61.80 


61.15 


T-T::>E; P-T>E 


10th Week^'^-'^^ 










Exa)Tiination 


75.88 


76.01 


77.62 


P-Tp-E; P-.T>T-T 


Laboratory'' 


80.68 


81.95 


83.19 


T-T^E; P-T>*E; P-T>T~T 


Ave r age ( Exam- Lab ) 


77.47 


78.01 


79.49 


P-T:>E; P-T> T-T 


Trouble-shootinii 


69.55 


67.05 


71.10 


E^T-T; ?-T^ r-T 



''K^orrected for Basic Electricity performance. 
---'KJorrected for Basic Electricity and for second-week performance. 



28 



22 



The first section of differential troiible-shootin^j^ training for the 
three :.;roups dealt with problems on the push-pull ajiiplifier. These 12 
periods occurred during the third week of Rasic Electronics. It miy be 
seen in Table 2 that, in all fourth-week measures except trouble-shooting. 
Group T-T was superior to Croup E. No dif f ereiitial trai-ning occurred 
during the fifth and sixth weeks, which deaJ.t primarily witli oscillators 
and transmitters, however, both Group T-T and Group P-T were superior to 
Group E in all four measures for this two-week period. 

The second section of differential training occurred during the 
seventh week, and dealt with three-stage transmitter problems. Transmitters 
and receivers were the major topics during this two-week period. Although 
there were few significsint differences amon 5 the groups during this period. 
Group T-T and Group P-T were reliably superior to Group E on the trouble- 
shooting exams. 

During the final two weeks, which were entirely devoted to the super- 
heterodyne receiver. Group P-T was consistently superior to the other groups 
with the exception that the difference between Group P-T and Group E in 
trouble-shooting was not statistically significant. Group E was signifi- 
cantly higher than Group T-T in trouble-shooting, this being the only 
significant difference in favor of Group E in the entire table. 

Advanced Training 

It was of interest to find out whether the differences shown during 
Basic Electi*onics would be maintained during advanced training, even 
though the groups received no further differential treatment. Advanced 
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training data were obtained for a total of 210 Radar trainees and 126 
Communications trainees, with an equal niunber having been trained under 
each of the three methods. Overall examination, laboratory, average, and 
trouble-shooting grades were each analyzed separately for the Radar and 
Communications trainees. Again the scores were corrected for group 
differences; in Basic Electricity and second-week grades • There were no 
significant differences among the three groups in any of the measures. 
In fact, the groups appeared to be more alike than would be expected on 
the basis of chance. These findings suggested that the groups were not 
randomly assigned to Radar and Communications at the end of Basic Elec- 
tronics, but were matched in some way. The result of such a matching 
procedure v:as to make the differences among the groups exceedingly small 
during advanced training. Since changes in personnel made it difficult to 
check on the exact sampling procedures, random samples were drawn from the 
available groups of trainees, and the four overall scores were re-analyzed 
for the random groups. Samples of 50 per group were used for Radar and 25 
per group for Communications. Although only one significant F was obtained, 
the new values were of a magnitude that would be expected on the basis of 
chance. The corrected means for both the non-random and random samples are 
presented in Table 3. The uncorrected means for these groups and the F and 
t values obtained in the covariance analyses are found in Table 6 and Table 7 
in Appendix F. 

It may be seen in the footnote in Table 3 that Group T-T was significantly 
superior to both Group E and Group P-T in the overall laboratory grades during 
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Radar traiiiinL> N'o si'iriif icant differences were found for the Conuniiniea- 
tions i;roups. 

TABLE 3 

Group Means for Overall Performance i.n Advanced Training 



Measure 



}l unibcr 
per Group 



Mean 



T-T 



P-T 



Random Samples 

Exam in at ion 
Laboratory*'- 
Average ( Exam-Lab ) 
Tro uble- s h 0 0 1 in •iz; 

M on-Random Samples 

Examination 
Laboratory 
Average (Exaii>-Lab) 
Troubl e- s ho o t i n g 



50 
50 
50 
44 



70 
70 

70 

59,67,52 



72.54 
76. 56 
73.62 
56.85 



72.82 
77. 32 
74.52 
57.93 



72.04 
7S.16 
74.28 
55. 53 



72.80 
77.44 
74.42 
55.44 



71.24 
76.52 
73.72 
56.31 



73. IC 
77.70 
74.84 
57.36 



C0M>iIj:NlCATI0NS 
Random Samples 



Examination 25 

Laboratory 25 

Average (Exam- Lab) 25 

Trouble-shooting 25 

N on- Random Samples 

Examination 42 

Laboratory 42 

Average (Exam-Lab) 42 

Trouble-shooting 42 



76.15 79.32 77.12 

77.60 78.35 76.65 

76.55 78.58 76.68 

58.55 67.80 63.55 



77.70 77.55 77.65 

77.62 77.48 77.22 

77.50 77.22 77.25 

64.12 65.10 64.40 



Significant differences at the 5% level: T-T>E; T-T > P-T. 
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Correl ations 

Certciin correl at;:i oils obtained in the process of aririlysing the data 
may be of interest, thou;.r'n they are not of primary concern in tlie experi- 
ment. The multiple correlations associated ^vlth the covariance analyses 
are presented in Tables 5 iUid 7 in Appendix F. These correlations indicate 
the joint relationship of Basic Electricity and second-week scores A>rith the 
PcU'ticulax performance measure. For example, it may be seen in Table 5 
that the joint correlation of Basic Electricity and second-week examination 
with the Basic Electronics overall examination is .84. The comparable 
correlations for I3asic Electronics overall laborator>^, average, and trouble- 
shooting are .78, .85, and .80, respectively. The correlations in Table 5 
for the individual two-week periods were considerably lower, ranging from 
.31 to .71. The two-week averag:e scores tended to have the highest correla- 
tions. The multiple correlations for Advanced Training are found in 
Table 7, Appendix F. For the random samples, these correlations range 
from .44 to .78. Correlations computed between overall scores in Basic 
Electronics and AdvaJiced Training are presented in Table 8 in Appendix F. 
These correlations range from .32 to .78 with the highest values for Basic 
Electronics average vs. Advanced Training averages. The lowest correla- 
tions are between Basic Electronics trouble- shooting and Advanced Training 
trouble-shooting. 

Reliability Coefficients 

Reliability coefficients computed for the two training devices and 
two of the school ^s course examinations are presented in Table 9 in 
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Appcrulix K, The l2 Traiiier^Testcr problems for each piece of equipment 
were scorned for total mmil^er of erasures required to achieve the solution. 
A total score was obtairied for each individual on the odd-numbered problans 
;md on the even-numbered problems. The odd-eveti coefficients, computed 
with the Spearman-Hro\vii fomuila, were .67, . 72, and .68 for the anplifier, 
transmitter, and receiver problems, respectively. 

A similar procedure was used with the Punchboard Tutor problems, where 
the score was obtained b}^ totaling the individual's errors on the comparable 
problems. The odd-even coefficients for the amplifier, transmitter, and 
receiver problems were .82, .48, and .65, respectively. 

On two randomly selected Basic Electronics course examinations, the 
odd-even reliability coefficients were both .73. The fact that these 
values are lower than would be expected might be attributed to the rather 
narrow ran;ie of scores on the 50-item exams. 
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OTSCUSSION 

Criterion Perf onTuuTce 

The data obtained in tliis study indicate that tlie wse of the Trainer- 
Tester aJid the Fiincliboard Tutor, as partial replacements for trouble- 
shooting training with actnal equipment, did not adversely affect the per- 
formance level of students thus trained. In fact, in a large majority of 
the comparisons of performance during Basic Electronics, the members of 
Group 15, who had no training with the papei>-and-pencil devices, performed 
less efficiently than the members of either Groups T-T or P-T. Furthermore, 
Group T-T was found to be superior to both of the other groups in terms of 
Radar laboratory grades. These findings support tlie contention that trouble- 
shooting exercises in the laboratory can be replaced, in part, by classroom 
practice with 'synthetic^ trouble-shooting training aids. 

The fact that Groups T-T and P-T proved to be superior to Group E during 
Basic Electronics, however, must be viewed ^riLth special caution. In partic- 
ular, it should be pointed out that this superiority in the classroom does 
not necessarily imply a definite superiority with respect to trouble-shooting 
ability on complex shipbo^ird equipment. Disregarding the laboratory scores 
for the moment, it seons likely that both the general examination scores, 
which contributed to the average scores, and the trouble-shooting scores, 
would tend to reflect mastery of the intellectual components of the trouble- 
shooting task. Skill in the calibration and use of measuring equipment and in 
the manipulation and identification of the physical components of an electronic 
chassis would contribute little to successful performance on these tests. 
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The studonts i.M Tiroiins T-T tind P-T who i^sed the [v\por'-«.uuJ-ponc:i .1. 
d(n''ices wore, as a cotisoquonco of this special treatment, ':ettiti«;: extctukvl 
traininr, in tfie intel.lcctnal. aspects of troiiblo-sliootiii';. It is possinio, 
therefore, that their superiority over Croup K in written exaJiiinatious mi. lit 
be due to the tact that tho}'' wer'.? 'i.iven more intensive traini;v.i in. t.h.ese 
intellectual skills. It also seems likely that the superiority of Groups 
T-T md P-T in troublc-shootin grades resulted from the extra practice ttiey 
received in answerin;^: multiple-choice questions on trouble- shoot in Further- 
more, even the laboratory grades ctinnot be regarded as imcomplicated indices 
of manipulative proficiency in the laboratory, since short quiz:;es givcTi in 
the laboratory periods contributed at least 40 per cent to the final 
laboratory grades. There is reason to believe, therefore, that the deir.on- 
strated superiority of Groups T-T and P~T over Group E might be uniquely 
dependent upon the particular criterion measures used. 

It should also be noted, however, that trouble-shooting proficiency i)i 
a practical situation involves intellectual components to a considerable 
degree. It seems very likely, tiierefore, that training in the intellectualized, 
problem-solving aspects of the task by means of paper-and-pencil training aids 
would be of genuine value. Thus, students trained with such devices might, 
at the very least, be as competent as normally trained groups even when com- 
pared on the basis of a performance criterion. 

An examination of the Basic l^^lectronics means in Table 2 reveals that 
the differences betwem the groups are not large in absolute terms, though 
many are significant by the usual statistical criteria. The question may 



well be ra.iscvl as to whothc^r those diffcroriocs would bo ot cUiy practical, 
si •;;iiif iCcUU^e* f^efore s"ch a question can be ^xiiswercJ^ further rescorcli 
would be necessary to detennine whether ;;roups who dif't'er with respect to 
the exajnination-score criteria also differ in tlie speed or accuracy with 
which t.hey cm repair defective shi i^bcard-type equipment. FinaJ. jud^jnient 
on tlie practical si 'rnif icance of sno!i differences must be made in tenns 
of the importance of these speed and accuracy factors in the actual trouble- 
shootin-: situation. 

The Advanced Traini!!'; data le.nd support !'or the conclusion that the 
paper- dnd-pencil trouble-shootino: trainiui;:; did not handicap the students 
in their later work. Moreover, Group T-T proved to be superior to the other 
groups in Hadar laboratory iirades. Since the coinparable differences were 
not statistically significant for Communications laboratory grades, there 
is not sufficient evidence to sut:,:^est that practice with Trainer-Testers 
provides the best sin'i;le method of trainim.:. Nevertheless, these findings 
emphasize the possible value of further research at the more advanced level 
of traininir. 

Questionnaire Data 

The data obtained from the questionnaires filled out by trainees and 
course instructors are sunirnarized in Appendix C. The figures indicate the 
percentage of individuals who chose each alternative. Certain qualitative 
conclusions seem to be indicated by a comparison of these percentages for 
the three training methods. Nearly 90 per cent of each group felt that the 
problems helped improve their trouble-shooting skill either somewhat or a 
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irrotit. vlo.il. Tfu* frainer- Tost or pt^ohlenis iiad tho h.ii'fiost int;orest ViU.no^ as 
iiu1icat:i?d by rho rosponscvs of l>orh t.hc stiicicnts imd instrucfors. /V.Lthon;:fi 
the tfireo ;m-ou[\s of ttMinocs felt al^ont eqi^al I}' competent in the use of test 

ineasuretnerit eqiiipmeti t , the instnictors felt t:riat at least half of the 
.students in the T-T and P-T ;',roups were .somewlnat incompetent in this area. 
In contrast, the instructors rated only 4 per cent of Oronp E as bein*; some- 
what ifioompetent in tfie use of test iind measurement equipment. 

Relati ve Cost Data 

It has already oecn pointed out in the introduction to this report 
that, other factors equal, synthetic training iuds become of maximal 
siiinificance when their use, in lieu of expensive operational devices, 
results in substantial savin,';:s in money or in strategic materials. In 
this respect, the results of the present study suggest that some degree 
of materiel conservation mi'iht be effected by the use of either the 
Punciiboard Tutor or the Trainer- Tester without serious loss of trouble- 
shooting competence. It is beyond the scope of this study, however, to 
say whetiier the economies thus achieved would be of any real significance 
in times of national emer;!ency. The use of either the Punchboard Tutor or 
the Trainer- Tester wuld be indicated in any case whenever suitable physical 
equipment cannot be procured for training purposes • 

The problem of attempting to estimate the relative costs of trouble- 
shooting training \rith training aids and virith actual equipment is an extremely 
complex one. Expenses incurred in the use of the Trainer-Tester and the 
Punchboard Tutor can be readily computed, but it is difficult to get an 
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accurate ostimato of the expense of usin/\ oporatlonaL equipment: for 
troubt o-shootin.?; train Kor the purposes of this study, an initiid 

attempt wa.s nuuie to obtair. cost estimates of this kind fiom electronics 
instructors at Great Ltiivcs. Unfortunately, these estimates were so vari- 
able as to be worthless. A somewiiat better, thouc^li still tentative, esti- 
mate was finally obtained by computing the totid cost of electronic parts 
(uid tools expended duriu;; one year in the Basic Electronics courses. A 
study of the curriculiuii in ti:ese courses showed that the 36 periods devoted 
to trouble-shootin/^ constitute approximately 24 per cent of all laboratory 
iind demonstration time. \]y takiu^^, 24 per cent of the total cost of parts 
consumed dnring the year, and dividinjj; this value by the total number of 
men trained durin^^; tlie year, it was concluded that the cost of these 3b 
periods of trouble-sliootin trainin«j; was rcu^i;hl3'' $2.10 per man. This figure 
does not, it must be noted, include costs of original equipment, electricity, 
iiistriictors ^ or supervisors^ salaries, and tiie like. It is a rou^^li estimate 
simply of the parts aiid tools expended during 36 hours of trouble-shooting 
training; devoted to each student. By way of comparison, eacli man is given 
36 Trainer-Tester problems, and the sheets for each problem cost about two 
cents. The expeiises incurred in using the Trainer^ Tester would, therefore, 
be well under $1.00 per man. In using the Fiinchboard Tiitor, the only costs 
are those arising from the manufacture of the small printed answer sheets 
and the mimeographed sets of questions. A conservative estimate is that these 
materials would probably cost less than 15 or 20 cents per man. Original 
development costs have been ignored in making all three of these estimates. 
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Although no .",r'Oiit con 1 .uiiMioe can bo placed in the estimates, t'»o 
best '^jess one can make at the present* is thai* tlie Punchboard Tutet' is 
considerably cheapcT^ tfian the Trainer-Tester aiui that the fatter, in tnni, 
is substantially less costly thiui work with actual equipment. It is neces- 
sary to rojnember, hov:evei', that the potential economies of svnithetic trainiii?: 
aids tend to rise urith ijicrcases in the price of the equipniei^t for w^iich 
ti'ainin.': is beirij: provided. If tliis is indicd the case, the economic advan- 
ta'zcs of such aids as tl^e Trainer-Tesr.er iuui tlie Punchboard I\itor should be 
enhanced considerably if they were used for trouble-shooting trainijiir oa 
complex radar systems or other equipment rather than for trainiu;: on such 
simple devices as push-pull amplifier, three-staiie transmitters, ajid super- 
lietcrod}Tie receivers. 

Su/J!;.g;cstions for Further Research 

It has been demonstrated in this experiment that the trainijig aids 
provide adequate or even superior training in the intellectual aspects of 
trouble-shooting, when compared with the traditional method of teaching 
trouble-shooting. The investigators feel that further evaluation of these 
devices is warranted by these findings, and that such efforts should be 
directed toward ans\5^ering two questions. The first question would be 
concerned with the effectiveness of trouble-shooting training provided by 
th'^ devices, in temis of proficiency in actual trouble-shoo ting . The 
second question would be concerned with the possible training value of the 
devices for more complex pieces of equipment. It seems quite likely that 
these training aids would find their greatest usefulness in (1) teaching 



t fie intol hHUna! an^i rc\Asoniri' .ispoot s of' trouhU^-sfioot itv:; complex 
syst-ojiis anJ (2) in tlie sdviii- in nionoy and matorj.ds nocdod for iii.uMtain- 
in*: s\ich systems I'or trainin?; pnr[Hvsos. 
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SUMMARY AND CONCLUSIONS 
The purpose of this investisatioii was to evaluate the relative 
effectiveness of three methods of teachin^^ trouble-shooting to Hasic 
Electronics trainees at USNTC, Great Lal^es. One group solved amplifier, 
transmitter, and receiver trouble-shoot in ,^ problems using only actual 
equipment. The other two groups received a portion of their trouble- 
shooting training \vith a paper- and-pencil training aid, using either the 
Trainer- Tester or the Punchboard Tutor* The performance of these three 
groups of trainees was compared during Basic Electronics and Advanced 
Training in terms of course examination, laboratory, average, and trouble- 
shooting examination grades. It was found that in many comparisons during 
Basic Electronics, the students using the training aids were superior to 
the students trained with equipment only. In Advanced Training, the Trainer- 
Tester group was superior to the other groups in Radar laboratory grades. 
It was pointed out that, although these training aids would appeax to be 
useful in terms of their relatively low costs and their ability to teach 
the intellectual aspects of trouble-shooting, further research would be 
required to demonstrate their effectiveness ir. teaching on-the-job trouble- 
shooting proficiency. It is also suggested that their potential effectiveness 
in teaching trouble-shooting skills on more complex equipment be investigated. 
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PlliCHBOARD TUTOR 

Push-Pull Amplifier Please Do Not Write on These Sheets 

Sequence No. 92090-6 
Code No. lA 

A. Read this before you begin . 

1. It is understood that the chassis is plugged into a normal source of 
power and that an audio signal of normal amplitude is being injected 
into the amplifier input. 

2. Assume that all checks and measurements are made with the proper instru- 
ments, correctly used and interpreted. All measurements are from the 
indicated test point to ground, and all voltages are DC, unless other- 
wise stated. 

3. Coupling capacitor resistance checks indicate shorts or leakage only. 
Open coupling capacitors can be found only by signal check or replace- 
ment. Open filter condensers can be located by resistance measurements. 

B. Trouble . 

The push-pull amplifier operates normally except that a sputtering 
noise is heard coming from the loudspeaker. Suddenly, all operation 
ceases. An inspection shows that the fuse has blown. When the fuse 
is replaced, it blows out as soon as the power is turned on. Find the 
defective component first and replace it before replacing the fuse. 

1. How would you start the troubleshooting pix)cess on this case of trouble? 

A. By checking tubes 

B. By disconnecting the B-plus lead at point C 

C. By making a resistance measurement 

D. By inspecting the line-cord and the off-on switch for short circuits. 

2- Which of the following defects could be responsible for the trouble symptcHns? 

A. A short circuit between the ends of L-2 

B. A short circuit in C-2 

C. A short circuit between the blue and yellow leads of T-1 

D. A short circuit in R-11 

3. A resistance measurement from point D to ground shows normal. What would you 
conclude? 

A« There is no trouble in the power supply 

B. The trouble is to the left of pins 1 and 4 on V-5 

C. The measurement gives no information at all about the trouble 

D. The trouble is probably intermittent and has been cleared by making 

the measuremeat, but may return 

4. How would you proceed from here? 

A. Measure the resistance from terminal 10 on T-2 to ground 

B. Measure in turn the resistance from pins 2 and 3 of V-5 to ground 

C. Measure the resistance of C-9 

D. Measure the resistance from point A to ground 

45 
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7. 



Approximately how mfiny ohms of resistcince would you expect to find if, 
in the preceding step, all components being measured were normal? 

A. 50,000 ohms 

B. 350 ohms 
1 ohm 

D. Greater than 500,000 ohms 

If much too low a value is found in Step 5, which of the following defects 
could be responsible? 

A. PI ate- to- pi ate short circuit on V-5 

B. Primary-to- secondary short circuit on T-1 

C. Short circuit between the heater windings on T-2 

D. Short circuit between terminals 4 and 9 on T-2 

Further checking shows none of the above faults. However, in Step 4 the 
resistance measurement from pin 3 to ground showed sero ohms. How would 
you prove that the power transformer is defective? 



A. By disconnecting the lead from terminal 5 of T-2 and measuring the 

resistance from terminal 5 to ground 

B. By disconnecting the lead from terminal 7 of T-2 and measuring the 

resistance from terminal 5 to ground 

C. By measuring the resistance between terminals 2 and 4 of T-2 

D. By removing the rectifier tube and measuring the resistance from 

terminal 5 to ground 



8. 



A resistance of zero ohms is found in Step ?• 
for the blown fuse? 



What is the best explanation 



A short-circuited transformer anywhere in a receiver always causes 
the fuse to blow 

B. A high secondary impedance reflects a low primary impedance 

C. A low secondary impedance reflects a high primary impedance 

D. A low secondary impedance causes a low primary impedance 

9. Why would it be dangerous to short circuit F-1 and plug the amplifier back 
into the line without replacing the defective transformer? 

A. Because of the possibility of electric shock hazard to the operator 

B. Because the transformer would overheat and possibly catch on fire 

C. Because the rectifier tube would overheat and might explode 

D. Because C-8 might overheat and bum up 

10. If all the resistance measurements made in the preceding steps had resulted 
in normal readings, what should you have done next? 

A. Replaced C-9 

C. C'^ecked the original symptoms again 

C. > ae resisrance measurements on the primary of T-2 

!». hepiacea the line cord 
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Instructor Notes 

1. Experimental Plan 

Group E Equipment 
Group T-T rrainer-Tester 
Group P-T Punchboard Tutor 

2. Remember to try and keep student enthusiasm high for all trouble- 
shooting training, whatever method is being used. Make the most of each 
training method. 

3. Please do not leave these sheets where students may accidentally 
see them. We do not want them to know that we are comparing group perform- 
ance since this knowledge might lead to undesirable competition among the 

groups. 

4* It will be important to control the number of hours each group 
spends in lecture and in troubleshooting practice. Each Coordinator will 
indicate which hours are to be spent in lecture, which are for lab work, and 
which are for troubleshooting practice. Try to follow these schedules as 
closely as possible so that we will have a good basis for comparing the 
three groups. 

5. Approximately one hour has been scheduled for each of the Trainer- 
Tester and Punchboard Tutor problems in Groups T--T and P-T. Group E will 
spend the same number of hours actually troubleshooting equipment. 

6. An important factor will be the manner in which the Trainer-Testers 
and Punchboard Tutors are introduced to the trainees. As far as possible, 
we would like to be sure that everyone gives the same orientation talks and 
general instructions with these devices. A general introduction to each 



device has been mimeographed so that each trainee can read it before you 
explain how to do the problems* 

7. The general procedure for the first practice hour with either 
the Trainen-Tester or the Pxmchboard Tutor will be as follows: 

a. Preparation of Materials 

!• Trainers-Testers: For Sequence No. 92090-6, obtain 

the necessary nianber of schematic and wiring diagrams, 
Trainer-Testers, and introduction sheets* 

2. Punchboard Tutors: For Sequence No* 92090-6, obtain 
the necessary number of schematic and wiring diagrams, 
introduction sheets, pimchboards, question sheets, answer 
sheets, and hole-punchers* Put the correct key in each 
punchboard, making sure that the holes are lined up. The 
ntmber of the correct key will appear in the upper left 
comer of the question sheet for each Punchboard Tutor 
problem. Code No. lA will designate the first colum 
for key 1 and IB will refer to the second column for 
key 1. 

b. Hand out the materials and have the trainees read the introduc- 
tion sheets. Ask than to save their questions until after you have gone 
through a sample problem. 

c. Solve the first problem with the entire group, encouraging 
their active participation in deciding each answer or step in the 
sequence. Have them actually make the erasures or punch the holes 
just as they will do on their own for the later problems. 
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8. Discussion of the problems will be a very important part of the 
training, so expand your explanations as muck as possible. Point out why 
the incorrect answers or procedures are wrong or why they are not ais good 
as the preferred answers. Encourage the students to ask questions during 
the discussion periods. The general procedure will be to allow the class 
to finish each problean and then to devote the remainder of the hour to 
discussion. If some problems do not require a full hour, the extra time 
can probably be used to advantage for the later problems. 

9. For Group E, your job will be to inject troubles into each 
trainee's apparatus, give individual instruction where necessary, and have 
group discussions where desirable. 

10. It will always be very important to stress the fact that the Trainer- 
Testers and Punchboard Tutors are training, not testing devices. Assure the 
students that their course grades will not depend upon their performance on 
these devices, and encourage them to try to learn from doing the problems. 
For purposes of our own analysis, we will want each student's answer sheet 
for each problem, so _be sure that each sheet is filled out and returned to 
Mr. Brock . 

11. We will be glad to answer any questions you have about the experi- 
ment at any time, and we will be veiy interested in any suggestions you have. 
Once the experiment is started, it will not be possible to change any of the 
procedures which are being used. However, your comments will be helpful to 
us in making final recommendations to the Navy. 
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APPENDIX C 



Name 

Questicnnaire for Instructors 

The information provided by this questionnaire will be very useful in 
interpreting the results of the experiment. Please answer the questions 
as accurately as you can. 

1. If you had experience with all three of the training methods (Laboratory 
Troubleshooting Problems, Trainer-Testers, and Punchboard Tutors), which 
one do you think was most effective in helping your students to improve 
their troubleshooting skills: 

Lab Jzl P-T 

"~53* 40 7 



Which method was next best? 

4 41 56 



Please indicate the reasons for your choices: 



2. In general, how much interest did your students show in the problems 

presented by each of the three methods? 

L^b Problems Trainer-Testers Punchboard Tutors 

a 48 a. 72 a. 45 A great de^ 

b* 45 b. 28 b»... 24 Some 

°' ~ c 0 c. 21^ Not very much 



d. 0 . d. g_ 



d. 10 Very little 



3. How do you feel about the g eneral troubleshooting competence of the students 
trained imder each method? 

Lab Problems Trainer-Testers Punchboard Tutors 

7 a. 10 Very incompetent 

t' ^ b* 31~~ b. 38 Not very competent 

^ ^\ 45— e. 48 Saaewbat competent 

^* Yt d! 17 d. 3 Very competent 



*The figures 
response. 



indicate the percentage of individu^s who gave the particular 
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Instructor Questionnaire 



4» How do you feel about the general competence of the students trained under 
each method ±n the use of test and measurement equipment ? 



Lab Problems 



Trainer-Testers 



Pun ch bo ard Tutors 



50 
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a* 

b. ; 

c. 1 

d. 0 



a. 

c. 

d/ 



15 



37 



33 



15 



33 



a* 
c«_ 

d." 22 



41 



Very competent 
Somewhat competent 
Not very competent 
Very incompetent 



5. Please indicate whether you feel that the number of problems used with each 
of the three methods was "not enough," "about right," or "too many»" Do 
this for only those pieces of equipment (Amplifier, Transmitter, or Receiver) 
on which you actually lectiu'ed. 



Lab Problems 



Trainer-Testers 



Punchboard Tutors 



6. 



Amplifier: 


a. 


33 


a. 


21 


a. 


6 


Not enough 




b. 


48 


b. 


79 


b. 


75 


About right 




c. 


19 


c. 


0 


c. 


19 


Too many 


Transmitter: 


a. 


42 ' 


a. 


7 


a. 


10 


Not enough 




b. 


58 


b. 


79 


b. 


60 


About right 




c. 


0 


c. 


14 


c. 


30 


Too many 


Receiver: 


a. 


36 


a. 


20 


a. 


40 


Not enough 




b. 


64 


b. 


70 


b. 


40 


About right 




c. 


0 


c. 


10 


c. 


20 


Too many 


How would you 


rate 


the new 


troubleshooting procedures 


used 


for Laboratory 



Problems as compared with the procedures used prior to this experiment? 



a. 


15 


New procedures much better 


b. 


50 


New procedures somewhat better 


c. 


10 


Old procedures somewhat better 


d. 


5 


Old procedures much better 


e. 


20 


No difference 



Please give your reason (s): 
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Instructor Questionnaire 



7. Do you think that Groups T-T and P-T should have spent more lab time trouble- 
shooting actual equipment? 

Trainer-Tester (T-T) Punchboard Tutor (P-TJ 



a* 



32 a# 41 A great deal more 



b> 57 b, 48 Somewhat more 

c> 11 10 No more 

If you answered (a) or (b), please give your reason(s):_ 



8. How much discussion about the experiment do you think occurred among students 
trained under different methods? (This does not refer to discussion among 
students all trained under one method.) 

a> 4 Almost none 

32 A small amount 

5^ ^ moderate amount 

A great deal 



9. How much competition among the three training groups do you think resulted 
from knowledge of the experiment? (This does not refer to normal competition 
between or within sections.) 

a. 0 A great deal 

b. 4 A moderate amount 

c. 32 A small amount 

d. 64 Almost none 

10. From your point of view as an instructor, which of the three methods did you 
enjoy teaching most? 

Lab T^T 

30 50 20 

Which method was next most enjoyable? 

19 26 56 



Please give your reasons 



11. Any additional comments you may care to make about any aspect of the experi- 
ment will be very helpful: . , 



52 



vi,.i. :;:t cvppc.ir on tiiese sfieets. 

you think truit tiic Laboratory Troubieshoo: i;; ".-ni^ ; ^cufca "ou uiKM-cn^e 

.•-/;;r r rouoleshcotirii: skill? 

Nv?r at: aii. » xease give ycnr i'v^w" : ; 

. . v'ery little 

- -f4 Somewhat 

' -r-r A threat deal 



.Old you find tlie problenis int err s r ' .1 ^: ' 



a. j5 Very intercstjn r 

b. 52 Mildly intcrestini: 
c> 10 Mot very in tere.st.jLiur 
d. i_ Very uninteres tin.'^. 

V.iiat do you think about ^ : ■ ■rooienu> pres^jntci on each of the pieces 

■ equipment? 



' i.bn-Pull ,'-'vT j^^e Supcrhet 

t ier ' .. .^rijri:-.. i.-\ L Receiver 

22 Not enough a« 27 Not enough 

0. ij^r Ai, ri::::t o> 72 All ri.iiht b, 67 All ri£.ht 

c r-^ ".lijv^ ■ ^ 6 Too many c> 6 Too niaiiy 

y;^' ■ ;ib':ur. vour coir.petence ixi the use of t»ist ai'id measurexien t equip- 



ac Very coinoetent 

Somevhat. competent 
c . . ■ 2 Not vei'y competent 
vi-r 1 Very incompetent 

How would you compare yourself with other members of your class in ability to 
use test and measurement equipment? 



a. 3 Less competent than most 

b, 20 Somewhat below averat;e 
c> 65 Somewhat above averac;e 
d> 12 More competent than most 

Additional comments: 
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Trainer-Tester T-T 
Questiorinaare for Electronics Trainees 

Please answer the follovnjig questions as accurately as you can. Your name 
will not appear on these sheets. 

Do you think that the Trainer-Testers helped you to improve your trouble- 
shooting skill? 

a, 2 Not at all Please give your reason(s): 

h. 10 Very little 

c, 36 Somewhat , 

d, 52 A great deal 



Did you find the problems interesting? 



a, 63 Very interesting 

b, 32 Mildly interesting 

c, 2 Not very interesting 

d, 2 Very uninteresting 



What do you think about the number of problems presented on each of the pieces 
of equipment? 



Push-Pull 
Amplifier 



Three-Stage 
Transmitter 



a* 

b/ 



28 



70 



Not enough 
All right 
Too many 



a* 
c. 



23 



74 



Not enough 
All right 
2 Too many 



Superhet 
Receiver 



a« 

c. 



33 



66 



Not enough 
All right 
Too many 



How do you feel about your competence in the use of test and measurement equip- 
ment? 



a. 

c* 
d. 



15 



68 



16 



Very competent 
Somewhat competent 
Not very competent 
Very incompetent 



How would you compare yourself with other members of your class in ability to 
use test and measuranent equipment? 



28 



a.__ 

c. 59. 

d. 6 



Less competent than most 
Somewhat below average 
Somewhat above average 
More competent than most 



Would you have preferred to spend more of your lab time in troubleshooting 
actual equipment? 

a> 33 A great deal more If you answered (a) or (b), please give your 

b, 39 Somewhat more reason(s): , 

c> 28 No more 



Additional comments: 
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Punchboard Tutor P«T 
Questionnaire for Electronics Trainees 

Please answer the following questions as accurately as you can. Your name 
will not appear on these sheets. 

Do you think that the Punchboard TiiLors helped you to improve your 
troubleshooting skill? 

a* ♦4 Not at all Please give your reason(s) 

b, 12 Very little 

c» 60 Somewhat ■ 

d, 29 A great deal 



Did you find the problems interesting? 

a* 33 Very interesting 
b> 59 Mildly interesting 
c» 6 Not very interesting 
d« 2 Very uninteresting 

What do you think about the number of problems presented on each of the pieces 
of equipment? 

Push-Pull Three-Stage Superhet 

Amplifier Transmitter Receiver 

a> 20 Not enough a* 25 Not enough a* 23 Not enough 

b, 74 All right b, 71 All right b, 74 All right 

c« 6 Too many c* 3 Too many c« 3 Too many 

How do you feel about your competence in the use of test and measuranent equip- 
ment? 

a* 15 Very competent 
b> 66 Some\^at ccmipetent 
c» 17 Not very competent 
d, 2 Very incompetent 

How would you compare yourself with other members of your class in ability to 
use test and measurement equipment? 

a* 9 Less competent than most 

h. 22 Somewhat below average 

c> 61 Somewhat above average 

d^ 8 More competent than most 

Would you have preferred to spend more of your lab time in troubleshooting 

actual equipment? 

a* 46 A great deal more If you answered (a) or (b), please give your 

b> 40 Somewhat nx)re reason(s) 

c> 14 No more 



Additional comments; 
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AFJ'LNDIX I) 



Scheduled Periods for Tronble-Shooting Practice 
During Basic Electronics Traii"iing 



Group E : Equipment 
Group T-T: Trainer- Tester 
Group P-T: Punchboard Tutor 



1. Push-Pull Amplifier ; Third Week 

a.* Tuesday — Period 9 

b« Wednesday — Periods 6-9 

c. Thursday — Periods 1-4, 6- 



2. Three-Stag;e Transmitter ; Seventh Week 

a. Wednesday — Periods 1-3 

b. Thursday — Periods 4, 6-9 
€• Friday — Periods 1-4 



3. Superheterodyne Receiver ; Tenth Week 

a. Wednesday — r /riods 1-4, 6-9 

b. Thursday - Periods 1-4 
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Introduction to the Trainer- Tester 

You are about to use a new development in training — the Trainer- 
Tester. 

The Trainer-Tester is a special device that has been designed 
to give you a considerable amount of practical experience in troubleshooting 
electronic equipment. As you know, a large part of your job will be shoot- 
ing trouble. To become a good troubleshooter, you need plenty of chance to 
use your knowledge of basic principles and procedures, and to apply your 
understanding of the equipment. In using the Trainer-Tester, you go 
about solving each problem in much the same way that you would if you were 
working with the actual equipment. You can, in effect, try out different 
troubleshooting tests to track the trouble down to a particular stage and 
finally to a particular component. The manner in which you think through the 
trouble situations will be disclosed by the trail of erasures which you make. 
This trail of erasures will permit your instjructor to help you improve your 
troubleshooting ability. 

The Trainer-Tester duplicates the procedure that would be followed 
in locating a trouble in the equipment itself. The Trainer-Tester is 
divided into three main parts— "Trouble," "Symptoms," and "Ranedy." The 
"Trouble" area contains a problem describing what has happened in the 
operation of the equipment to indicate that something is wrong* The "Symptoms" 
area lists the test points in the equipment and includes the resistance, 
voltage, and signal conditions peculiar to the particular troubles. The 
test data are concealed by a covering strip which must be erased to show 
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the reading at that point. You uncover only that information which you 
believe necessary and eventually come to the conclusion that you have 
found the faulty part. You find the code number of the part on the 
wiring or pictorial diagrajn and "replace" the part with a new one. The 
"Remedy" area, which has concealed answers, will indicate whether or not 
the replacement of the part has corrected the trouble. 

While working with the Trainei>-Tester, it is assumed that you are 
using the proper instruments in the proper manner. For example, it is 
assumed that you make correct use of signal generators, oscilloscopes, 
aid output meters in making signal tracing tests. The conditions for making 
measurements are stated in the notes included under "Read This Before You 
Begin" at the bottom of the "Trouble" area. 

You may want to know why most of the test data in these problems are 
provided only at the tube socket pins and at special test points. Detailed 
information for every circuit junction point necessitates duplication of 
data and is not required for the location of trouble. Efficient trouble- 
shooting results from making intelligent inquiry at critical points. 

There may be problems in which you suspect troubles in connecting 
leads, faulty solder joints, or poor mechanical connections. This type 
of trouble is best found by physical inspection prior to troubleshooting 
or after diagnosis has revealed that part replacement will not correct the 
difficulty. Such troubles rarely occur in high quality equipment and are 
not included in these problems. 
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Introduction to the Punchboard Tutor 

You are about to use a new development in training — the Punchboard 
Tutor. The Punchboard Tutor is a special device that has been designed 
to give you a considerable amount of practical knowledge of procedures 
for troubleshooting electronic equipment. As you know, a large part of 
your future job will be shooting trouble. To become a good troubleshooter, 
you need plenty of chance to use your knowledge of basic principles and 
procedures, and to apply your understanding of the equipment. For each 
Punchboaxd Tutor problem there is a set of questions designed to help 
you learn to troubleshoot> These questions are in multiple-choice form, 
and you will answer them by punching through the hole on the punchboard 
which corresponds to the alternative which you think is correct. If you 
have chosen the correct answer, the wooden stick will make a large hole 
in the answer sheet. If the alternative you choose is incorrect, the 
stick will only go in a short distance, making a smaller hole. You will 
continue to punch holes until you find the correct answer. The information 
you get in this way should be remembered for use in later steps of the 
troubleshooting problem. Some of the questions will be concerned with 
testing procedures to be used in these trouble situations. There will be 
questions about measurements at critical points in the circuit, and some 
questions will ask about the functions of particular components. The 
manner in which you think through the trouble situations will be disclosed 
by the holes which axe punched in your answer sheet. These answer sheets 
will permit yiour instructor to help you improve your troubleshooting ability. 
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At the top of each set of questions is a para.i^raph describing what 
has happened in the operation of the equipment to indicate that soniethijii^ 
is wroH;L^» It is assiuned in the questions that tests are being made with 
the proper instnmients in the proper manner. For example, it is assiuned 
that you make correct use of sii^ial generators, oscilloscopes, and outpm: 
meters in making signal tracing tests. The conditions for malting measure- 
ments are stated in the paragraph which describes the trouble. 

In general, the questions will be concerned with test data only at the 
tube socket pins and at special test points, since efficient troubleshooting 
results from making intelligent inquiry at critical points. 

There may be problems in which ycu su:i.p'^ct troubles in connecting leads 
faulty solder joints or poor mechanical connections. This type of trouble 
is best found by physical inspection prior to troubleshooting or after 
diagnosis has revealed that part replacement will not correct the difficulty 
Such troubles rarely occur in high quality equipment and are not included in 
these problems. 
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APPQ^DIX F 



Tables of Results 
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TABLE 4 

Uncorrected Group Meaiis and Standard Deviations 
for Pcrformmice in Basic Electronics 
N « 230 per Group 



Group E Group T-T Group P-T 

Measure Mean S»D» Mean S.D* Mean S,D« 

Overall 

Examination 74.52 7.68 74.80 8.28 76.30 8.0(3 

Laboratory 79.94 5.14 81.44 5.00 81.52 4.96 

Average 76.72 6.34 77.36 6.48 78.22 6.62 

Trouble-shooting 62.64 10.87 63.73 11.45 65.73 11.41 

2nd Week 

Examination 77.07 10.10 75.93 10.92 76.89 11.06 

Laboratory 79.26 7.10 80.63 6.85 79.93 7.92 

Average 77.53 7.47 77.37 8.07 77.68 8.53 

Trouble-shooting 66.15 18.00 67.30 18.30 68.35 18.65 

4th Week 

Examination 72.90 10.02 73.75 10.60 75.02 10.54 

Laboratory 80.64 7.72 82.25 6.74 81.01 7.05 

Average 75.61 7.73 76.74 7.89 77.02 8.14 

Trouble-shooting 67.25 16.10 66.95 17.85 70.95 15.65 

6th Week 

Examination 73.58 9.07 74.73 10.57 75.70 9.99 

Laboratory 79.25 7.38 81.53 6.43 82.29 5.90 

Average 75.41 7.13 77.06 7.89 77.94 7.39 

Trouble-shooting 52.90 11.90 56.85 12.25 55.70 13.00 

8th Week 

Examination 73.05 10.23 73.63 9.17 75.31 9.17 

Laboratory 80.37 6.79 81.30 7.04 80.50 6.60 

Average 75.63 7.51 76.33 7.20 76.91 6.85 

Trouble-shooting 57.80 13.95 61.45 14.60 61.80 15.80 

10th Week 

Examination 76.02 9.65 75.39 11.12 78.11 9.77 

Laboratory 80.56 7.07 81.69 6.56 83.57 6.98 

Average 77.46 7.46 77.63 8.33 79.88 7.74 

Trouble-shooting 69.30 16.25 66.45 16.45 72.00 16.25 
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TiiBLii 5 

Kesults of Statistical iVnalyses of Performance in Basic 
Electricity and Basic Elecf^onics 
N ^ 230 per Group 



Measure 



t - value 

df (E)-(T-T) (Ii;)-(F-T) (T-T)-(F-T) 



r or R--- 



Basic Electricity 



J.Hl 



2, 687 



1.31 



1.44 



Overall 

Examination 7.02 

Laboratory 49 

Avcrase G.74 

Trouble-shooting 4. 35 



2, 685 

2, 685 

2, 685 

2, 685 



2.74 
4.08 
3.07 
1.63 



3.82 
3.55 
3.77 
2.91 



1.08 
^1 
<1 
1.28 



.84 
.78 
.85 
.80 



2nd Week 

Examination .88 2, 686 

Laboratory 4.07 2, 686 

Average 1.27 2, 686 

Trouble- shoo ting 1.13 2, 686 



i.67 



<1 



2.18 



.60 
.37 
.61 
.49 



4th IVeek 

Examination 3.57 2, 685 2.40 2.26 

Laboratory 3.43 2, 685 2.17 <1 

Average 4.91 2, 685 3.00 1.89 

Trouble- shoo ting 2.43 2, 685 



< 1 

2.53 

1.11 



.66 
.63 
.71 
.58 



6th Week 

Examination 3.63 2, 685 2.40 2.31 

Laboratory 13.62 2, 685 4.40 4.78 

Average 9.85 2, 685 3.65 4.00 

Trouble-shooting 8.10 2, 685 3.96 2.05 



< 1 
<1 
<^ 1 
1.90 



.55 
.47 
.62 
.31 



8th Week 

Examination 4.03 2, 685 1.70 2.33 

Laboratory 2.86 2, 685 

Average 2.15 2, 685 

Trouble-shooting 5.53 2, 685 3.00 2.48 



1.13 



C 1 



.57 
.45 
.62 
.45 



10th Week 

Examination 3 . 02 

Laboratory 10.63 

Average 7.11 

Trouble-shooting 6. 53 



2, 685 



2, 685 
2, 685 
2, 685 



^ 1 
2.32 
< 1 
2.02 



2.25 
4. 59 
3.64 
1.12 



2.08 
2.27 
2.66 
3.14 



.59 
.52 
.65 
.53 



^ Correlations between control variable(s) and criterion measure. 
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TAHLE 6 

Uncorrected Group Means and Standard Deviations 
for Overall rcrformance in Advanced Training 



Number Group E Group T-T Group P-T 

Measure per G roup Mean S.D. Mean S.D. Mean S.D. 

RADAR 

Random Samples 

Examination 50 72.56 7.10 73.12 7.56 70.12 7.80 

Laboratory 50 76.64 4.80 78.60 4.12 76.00 3.80 

Average 50 73.80 5.58 75.16 5.58 72.68 5.80 

Trouble-shooting 44 56.58 11.46 57.00 11.91 55.08 12.90 

Non-Random Samples 

Examination 70 72.68 8.30 73.08 7.02 72.94 8.40 



Laboratox^r 



70 77.12 5.54 77.66 4.40 77.66 4.06 



Average 70 74.32 6.60 74.72 5.16 74.74 6.14 

Trouble-shooting 59,67,52 57.30 12.06 56.46 12.33 56.76 12.51 



COMMUNICATICNS 
Random Samples 

Examination 25 74.00 8.05 78.80 7.08 79.80 8.02 

Laboratory 25 76.30 6.10 77.90 6.30 78.40 7.10 

Average 25 74.70 6.98 78.30 6.28 78.80 5.58 

Trouble-shooting 25 56.20 15.80 66.70 15.38 67.00 11.88 

Non-Random Samgles 



Examination 



^ 42 77.20 8.28 77.38 7.88 78.32 7.62 

LaboTatoi^" 42 77.02 6.35 77.62 6.62 77.68 7.18 

Average 42 77.02 6.90 77.25 6.70 77.75 5.98 

Trouble-shooting 42 63.32 16.78 64.68 15.05 65.42 17.12 
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Ko.sulf.s ol .St.Lt istivMl Aiialv.sos of i\MM 0 niuuico 



N nil; b 01' 

per v^ror.p 



KAi)AR 

i<.iiuioin ScUnpl.os 

liix.'xi'ii licit ion 

Laboratory 

Avcr^i'^e 

Trouble-shootin t: 



50 

so 

44 



.71 



') 

-I 
2, 



14S 
145 
14^ 
127 



. SI 
.4^ 



N on -Rand on Saniples 

Kxaiiiination 

Laboratory 

Avera'j:e 

Trouble-shootin 



70 
70 

70 

=^^^,b7,S2 



.OS 
.20 
.31 
.75 



2, 205 

2, 205 

2, 205 

2, 17.3 



.b4 
.54 

.44 



COMMINICATIOXS 
Random SaJiiples 



Examination 25 

Laborator}'' 25 

Averai;e 25 

Trouble-shooting 25 

Non-Random Samples 

Examination 42 

Laboratory 42 

Average 42 

Trouble-shooting 42 



1.67 2, 70 .70 

.50 2, 70 .53 

2.10 2, 70 .78 

2. 84 2, 70 .44 



•14 2, 121 .60 

.05 2, 121 .55 

.03 2, 121 .b8 

.05 2, 121 .27 



'•^ Correlation between control variables and criterion measure. 
-'Ht- Significant at the 5;^ level. The following t - values were obtained: 
(E)-(T-T) (E)-(P-T) (T-T)-(P-T) 

2.13 <1 2.18 
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TABLE 8 

Correlations Between Over;ill Basic 
L'loctroiiica Grades aiid Overall Advanced Trainint; Grades 
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Correlation 



Basic Electronics vs« Radar 

Overall Examination 147 .71 

OveraJl Laborator:/^ * 147 .60 

Overall Avera^ti 147 .75 

Overall Trouble-shooting 147 .45 

Basic Electronics vs. Communications 

Overall Examination 123 .68 

Overall Laboratory 123 .55 

Overall Average 123 .78 

Overall Trouble-shooting 123 -32 



hi 

TAHLK 9 

Reliability Coert'icients for Trainer-Tester Problems, 
I'unchboard Tutor Problems, and Course Exam in at ions «• 



N Reliability 

Trainer-Tester 
Amplifier Problems 
Transmitter Problems 
Receiver Problems 

Punchboard Tutor 
Amplifier Problenis 
Transmitter Problems 
Receiver Problems 

Basic Electronics Elxaminations 

2nd Week 
10th Week 



^K)dd-Even reliabilities were computed using the Spearman-Brown Correction 
Formula. 



100 
100 
100 

200 
200 
200 

79 
85 



.67 
.72 
.68 

.82 
.48 
.65 

.73 
.73 



67 



